TITLE OF THE INVENTION 
TRANSFER APPARATUS UTILIZING 
ARCUATE CROSS-SECTIONAL CHARGED PARTICLE BEAM 



BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION 

The present invention relates to a projection 
apparatus for transferring a pattern formed on a mask by 
projecting it onto a substrate with a charged particle beam 
having an arcuate cross-section, and a method of controlling 
the same. 

DESCRIPTION OF THE RELATED ART/ 

Conventionally, in mas/ production of semiconductor 
memory devices, an optical/stepper having high productivity 
has been used. In proc^ction of new-generation memory 
devices from IG- andy^G-DRAM memory devices having a line 
width of 0.2 |Lim or/less, the high-productivity charged 
particle beam e^osure method having high resolving power 
and using char/ed particles, e.g., electrons or ions, is a 
promising technique that replaces the optical exposure 
method. /' 

The electron beam exposure method as an example of the 
charged particle beam exposure method is mainly performed 
in the forms of a Gaussian beam method and a variable shaped 



beam method, and accordingly has a low productivity. 
Therefore, the electron beam exposure method has been used 
in only applications such as mask making, research and 
development of VLSIs, and the manufacturing process of ASIC 
devices on small-lot production, where the characteristics 
of the excellent resolution performance of the electron beam 
are effectively used. To employ the electron beam exposure 
method in mass production, an increase in its productivity 
is a significant problem. 

In recent years, a cell proj^c'tion method has been 
proposed as one method that solves/4:his problem. According 
to this method, the repeated portion of the memory circuit 
pattern is divided into cells /ach having several |lm regions, 
and the pattern is exposec/ in units of cells. With this 
method, the maximum regibn that can be exposed at once has 
a size of as small as/about several |xm. A plurality of 
deflectors are used/o enlarge the exposure region. As the 
exposure region becomes large, deflection aberrations 
increase. These^ deflection aberrations are eliminated by 
dynamic corredtion using focus coils and stigmators. This 
method can enlarge the maximum region that can be exposed 
at once, /owever, it takes a comparatively long period of 
time til/ the deflected electron beam is settled at a desired 
positi/n. This decreases the productivity. 

An electron beam proi^tion exposure method is under 
development which does no^ require a time for settling the 
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electron beam. The projection system of an apparatus of this 
type uses a symmetric magnetic doublet lens. Xlso, an 
aperture for separating scattered electrons antl unscattered 
electrons at the pattern portion and mask m^nbrane portion, 
respectively, of the transfer mask from each other is 



arranged at a position that divides the distance between the 

/ 

mask and a photosensitive member in accordance with the 



ma 



gnification ratio. The positions .of the principal planes 



of the two magnetic lenses of the/ magnetic lens are 
10 respectively set between the mas^ and the aperture, and at 

the intermediate position of the distance between the 

/ 

aperture and a sample coated with the photosensitive member. 
The two magnetic lenses can/rnove only small distance when 
they are mechanically adjusted. According to the electron 



15 beam projection exposure ^method, the pattern to be 

/ 

transferred onto the sample is divided into a plurality of 

/ 

partial patterns, and the divided partial patterns are formed 

/ 

on a mask. While an etlectron beam irradiates a selected 



partial pattern on t^e mask, the mask and sample are 

20 continuously moved in opposite directions. An electron beam 

/ 

transmitted through the mask irradiates the sample, thereby 
exposing the sample. Since this method does not perform 
electron beam soanning, it does not take much time to settle 
the electron beam. As a result, this method has a higher 
25 productivity than other methods described above. 
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In the case of the electron beam projection apparatus 
described above, t^e exposure width of one exposure operation 
is generally severaJN.inm to several ten mm. Image distortion 
and off-axis aberratxW mainly caused by field curvature of 
5 the projection lens become larger than in the conventional 
apparatus, thus degradin^the exposure patterns resolution. 
In order to prevent degradation in the resolution, the region 
of the pattern of the mask to \>e irradiated with the electron 
beam may be reduced. However \ this cannot achieve a great 
10 improvement in productivity as cbmpared to the conventional 
electron beam exposure method. \ 



SUMMARY OF THE INVENTION 
The present invention has been made in view of the above 
15 situation, and has as its object to increase the width of 
a pattern which can be transferred onto a sample with one 
scanning operation, thereby improving the productivity. 

According to the first aspect of the present invention, 
there is provided a projectij^ apparatus for projecting a 
20 pattern formed on a mask held by a mask stage onto a sample 
on a sample stage and tr-'ansf erring the projected pattern, 
comprising a charged o/rticle beam source, a shaping system 
for shaping a chargecf particle beam emerging from the charged 
particle beam source to have an arcuate cross-section, a 
25 projection optiffcal system including a projection lens 

including a Pjair of magnetic lenses, the projection optical 
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system being located between t/e shaping system and the 
sample stage, a driver for su|^)lying excitation currents to 
the pair of magnetic lense^ to drive the projection lens, 
and a controller for conl^tolling a ratio of the currents to 
5 be supplied from the d/iver to the pair of magnetic lenses 
to move a position /f a principal plane of the projection 
lens . 

In the projection apparatus according to the first 
aspect of the present inven/tion, for example, the controller 
10 preferably controls the Ax.xo of the currents to be supplied 
from the driver to the p/ir of magnetic lenses so as to correct 
an image distort ion/bf the projection optical system. 

In the projection apparatefs according to the first 
aspect of the present invent!^, for example, the projection 
15 optical system pref erablyincludes a second projection lens 
including a pair of magn'^tic lenses to which excitation coil 

currents are supplied from the driver, and the controller 

/ 

preferably control/^ a ratio of the currents to be supplied 
from the driver the pair of magnetic lenses of the second 
projection len^ to move the position of the principal plane 
of the secoja'^ projection lens so as not to change an image 
position a-nd magnification of the projection optical system 
when coi?^ecting an image distortion of the projection optical 
systei/by controlling the first projection lens. 
25 y In the projection /pparatus according to the first 

aspect of the present i?{vention, for example, the projection 



20 
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apparatus preferably further comprises acquisition means for 
acquiring image information indicating a feature of an image 
projected onto the sample stage by measurement, and the 
controller preferably controls the ratio of the currents to 
be supplied to the pair magnetic lenses so as to correct an 
image distortion of /the projection optical system on the 
basis of the imag^ information. 

In the projection apparatus according to the first 
aspect of the present in-jj^^tion, for example, the image 
information pref erabl\/contains information indicating a 
radius of an image f^2^^ed on the sample stage with the arcuate 
cross-sectional/&harged particle beam emerging from the 
shaping syst( 

In the projection apparatus according to the first 
aspect of the present invent/on, for example, the controller 
preferably controls the ra/io of the currents to be supplied 
to the pair of magnetic Senses, so that the measured radius 
coincides with a theoretical radius obtained when the 
projection optical ^stem has no aberration. 

In the projection app^atus according to the first 
aspect of the present invention, for example, the image 
information is preferal^y information indicating an image 
height of an image f orrafed on the sample stage with the arcuate 
cross-sectional ch^ged particle beam that has passed 
through the shapimg system. 
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In the projection apparatus according to the first 

aspect of the present inventi^, for example, the controller 

preferably controls the ratao of the currents to be supplied 

'\ to the pair of magnetic leases, so that the actually measured 

image height coincide/ with a theoretical image height 

obtained when the p/ojection optical system has no 

/ 

aberration. 

In the projection apparatus according to the first 
aspect of the present invention, for example, the mask stage 
10 is preferably arranged between the shaping system and the 
projection optical system, the acquisition means preferably 
comprises an image distortion measurement mask having a 
transmitting system that passes therethrough a predetermined 
portion of the arcuate cross-sectional charged particle beam 
15 emerging from the shaping portion, the mask being held by 
the mask stage during measurement, and a measurement unit 
for measuring coordinates of a position where the charged 
particle beam that has passed through the transmitting system 
becomes incident on the sample stage, and image information 
20 indicating a feature of an image projected onto the sample 
stage is preferably calculated on the basis of the measured 
coordinates . 

In the projection apparatus according to the first 
aspect of the present invention, for example, the image 
25 distortion measurement mask preferably has a plurality of 
transmitting systems arranged arcuatedly, and the 



- 7 - 



# 



10 



measurement unit preferably measures coordinates of 
respective positions where charged particle beams that have 
passed through the transmitting systems become incident on 

the sample stage. 
5 In the projection appara/us according to the first 

aspect of the present invent i/i, for example, the acquisition 
means preferably calculayfe a radius of an image projected 
onto the sample stage ony^e basis of a plurality of measured 
^ coordinates, and the y^ntroller preferably controls the 

ratio of the current^ to be supplied from the driver to the 
pair of magnetic /enses, so that a radius obtained by 
measurement collides with a theoretical radius obtained 
when the projection optical system has no aberration. 

In the projection apparatus according to the first 
15 aspect of the present invention, for example, the acquisition 
means preferably further comprises a substrate having a mark, 
the substrate being placed on the sample stage during 
measurement, and the measurement unit preferably detects 
backscattering from the substrate, thereby measuring 
20 coordinates of a position where the charged particle beam 
that has passed through the transmitting system becomes 
incident on the sample stage. 

In the projection apparatus according to the first 
aspect of the present invention, for example, measurement 
25 of the coordinates of the incident position is preferably 
performed while moving the sample stage such that the mark 
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moves across the position where the charged particle beam 
that has passed through the transmitting system becomes 
incident on the sample stage. 

In the projection apparatus according to the first 
5 aspect of the present invention, for example, the mark is 
preferably a crisscross mark made of a heavy metal. 

According to the second aspect of the p^sent invention, 
there is provided a control method for a objection apparatus 
having a mask stage for holding a masTc, a sample stage for 
10 placing thereon a sample on whichA pattern formed on the 
mask is to be projected and tran^erred, a charged particle 
beam source, a shaping aper^^e for shaping a charged 
particle beam emerging f ro/the charged particle beam source 
to have an arcuate cross-s4ction, a projection optical system 
including a projectiori lens including a pair of magnetic 
lenses, the projection optical system being located between 
the shaping system^ and the sample stage, and a driver for 
supplying excitai^ion currents to the pair of magnetic lenses 
to drive the pro'^ection lens, comprising the acquisition step 
20 of acquiring ^^{rrection information necessary for correcting 
an aberration of the projection optical system, and the 
control st4p of controlling a ratio of the currents to be 
supplie/ from the driver to the pair of magnetic lenses 
(doubl/t lens) to move a position of a principal plane of 
25 the projection lens. 
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In the control method foi/the projection apparatus 
according to the second aspe^of the present invention, for 
example, the control st^pref erably comprises correcting 
an image distortion of/he projection optical system on the 
5 basis of the correcjj^on information. 

In the control method for the /rejection apparatus 
according to the second aspect of th/ present invention, for 
example, the projection optical system preferably includes 
a second projection lens includ;^g a pair of magnetic lenses 
10 (doublet lens) to which excitaAon currents are supplied from 
the driver, and the contro/ step preferably comprises 
controlling a ratio of th/ currents to be supplied from the 
driver to the pair of magi4tic lenses of the second projection 
lens to move a positX of a principal plane of the second 
15 projection lens so/s not to change an image position and 
magnification of /he projection optical system when 
correcting an i/age distortion of the projection optical 
system by coi/rolling the first projection lens. 

In the control method for/the projection apparatus 
20 according to the second aspect/of the present invention, for 
example, the acquisition s^^p preferably includes the 
measurement step of acquiring by measurement image 
information indicating/a feature of an image projected onto 
the sample stage as/the correction information, and the 
25 control step pref/ably comprises correcting an image 
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distortion of the^projection optical system on the basis of 
the image inf omnation . 

In the control method f or/the projection apparatus 
according to the second aspect/ of the present invention, for 
example, the image information preferably contains 
information indicating a/ radius of an image formed on the 
sample stage with the /arcuate cross-sectional charged 
particle beam emerg^g from the shaping system. 

In the control method for the projection apparatus 
according to the second aspect of the present invention, for 
example, the control step preferably comprises controlling 
the ratio of the currents to be supplied to the pair of 
magnetic lenses, so that the measured radius coincides with 
a theoretical radius obtained when the projection optical 
system has no aberration. 

In the control method t^n the projection apparatus 
according to the second asp^t of the present invention, for 
example, the image info;mation is preferably information 
indicating an image h^ght of an image formed on the sample 
stage with the arcu^e cross-sectional charged particle beam 
that has passed/through the shaping system. 

In the control method for the projection apparatus 
according to the second aspect of the present invention, for 
example, the control step preferably comprises controlling 
the ratio of the currents to be supplied to the pair of 
magnetic lenses, so that the actually measured image height 




coincides with a theoretical image height obtained when the 
projection optical system has no aberration. 

In the control method for thi projection apparatus 
according to the second aspect of 4[\e present invention, for 
5 example, the mask stage is preferably arranged between the 
shaping system and the project/ion optical system, the 
acquisition step preferably obmprises the preparation step 
of causing the mask stage th hold an image distortion 
measurement mask having a transmitting system that passes 
10 therethrough a predetermined portion of the arcuate 

cross-sectional chargecT particle beam emerging from the 
shaping system, the measurement step of measuring 
coordinates of a position where the charged particle beam 
that has passed through the transmitting system becomes 
15 incident on the s/mple stage, and the calculation step of 
calculating, as Correction information necessary for 
correcting an ifriage distortion of the projection optical 
system, image information indicating a feature of an image 
projected ontb the sample stage on the basis of the measured 
20 coordinates/ and the control step preferably comprises 

controllin/ the ratio of the currents to be supplied from 
the drive/ to the pair of magnetic lenses to move a position 
of a prii/cipal plane of the projection lens so as to correct 
an imag/ distortion of the projection optical system on the 
25 basis/of the correction information. 
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in the control method for the projection apparatus 
according to the second aspect of the present invention, for 
example, the image distortion measurement mask preferably 
has a plurality of transmitting systems arranged arcuatedly, 
and the measurement step preferably comprises measuring 
coordinates of respective positions where charged particle 
beams that have passed through the transmitting systems 
become incident on the sample stage. 

in the control method for the/projection apparatus 
according to the second aspect of ^e present invention, for 
example, the calculation step the acquisition step 
preferably comprises calcula^ng a radius of an image 
projected onto the sample s^ge on the basis of a plurality 
of measured coordinates, /nd the control step preferably 
comprises controlling t/e ratio of the currents to be 
supplied from the driver to the pair of magnetic lenses, so 
that a radius obtay4d by measurement coincides with a 
theoretical radiu/ obtained when the projection optical 
system has no ayerration. 

In the control method for the projection apparatus 
according to the second aspect of the present invention, for 
example, the acquisition step preferably further comprises 
the step of placing a substrate having a mark on the sample 
stage before measurement, and the measurement step in the 
acquisition step preferably comprises detecting backscatter 
electrons from the substrate, thereby measuring coordinates 
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of a position where the charged particle beam that has passed 
through the transmitting system becomes incident on the 

sample stage. 

In the control method for the projection apparatus 
5 according to the second aspect of the present invention, for 
example, the measurement step preferably comprises measuring 
the coordinates of the incident position while moving the 
sample stage such that the mark moves across the position 
where the charged particle beam that has passed through the 
10 transmitting system becomes incident on the sample stage. 

In the control method for the projection apparatus 
according to the second aspect of the present invention, for 
example, the mark is preferably a crisscross mark made of 
a heavy metal. 

15 According to the third aspect of the present invention, 

there is provided a method of manufacturing a device, 
comprising the steps of fixing a mask on the mask stage of 
the above projection system, placing a sample on the sample 
stage of the projection system, and transferring a pattern 
20 formed on the mask onto the sample. 

A pattern for forming any one of devices, e.g., a 
semiconductor chip such as an IC or LSI, a liquid crystal 
panel, a CCD, a thin film magnetic head, and a micromachine, 
can be formed on the mask. A suitable example of the sample 
25 is, e.g., a silicon wafer or glass substrate coated with a 
photoresist . The mask can be fixed to the mask stage by , e . g . , 
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the operator. The sample can be placed on the sample stage 
by, e.g., a transfer robot. 

Further objects, features and advantages of the 
present invention will become apparent from the following 
5 detailed description of embodiments of the present invention 
with reference to the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a view showing the arrangement of a charged 
10 particle beam projection system according to an embodiment 

of the present inventions- 
Fig. 2 is a block diagram of a control system 

concerning correction of the image distortion of the charged 

particle beam projection system shown in Fig. 1; 

Fig. 3 is a view showing an axial magnetic field 

distribution of the charged particle projection system shown 

in Fig. 1; 

Fig. 4 is a view showing an image distortion amount 
measurement mask of this embodiment; 
20 Fig. 5 is an enlarged view of a crisscross mark for 

image distortion amount measurement of this embodiments- 
Fig. 6 is a conceptual view showing the relationship 
between the excitation strength ratio and the image 
distortion coefficient of the first projection lens; 
25 Fig. 7 is a flow chart showing the device manufacturing 

process ; and 



- 15 - 



Fig. 8 is a flow chart showing detailed steps of the 
wafer process shown in Fig. 7 . 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
The preferred embodiments of the present invention 
will be described with reference to the accompanying 
drawings . 

Fig. 1 is a view showing the arrangement of a charged 
particle projection system apparatus according to an 
embodiment of the present invention. 

The charged parVicle ptojection system of this 
embodiment has a charged\particle beam source 1, a reduction 
lens 3, a charged particl^ shaping aperture 4, a collimator 
lens 6, and first and second projection lenses 9 and 11. A 
charged particle beam 2 emerqing from the charged particle 
beam source 1 irradiates a ma^k 7 placed on a mask stage 8 
to transfer a pattern on the rr^sk 7 onto a sample 12 on a 
sample stage 13 . 

The charged particle beam source 1 emits the charged 
particle beam 2. The cross-over image of the charged 
particle beam 2 is focused by the reduction lens 3 onto the 
charged particle shaping aperture 4. An arcuate slit is 
formed in the charged particle shaping aperture 4 on its 
circumference about the optical axis of the charged particle 
beam source 1 and reduction lens 3 as the center to be separate 
from this optical axis. When the charged particle beam 2 




passes through the charged particle shaping aperture 4, it 
is shaped to have an arcuate cross-section. When a large 
exposure region is to be ensured by using a charged particle 
beam 2 near the optical axis, the farther from the optical 
5 axis in the radial direction, the larger the field curvature. 
Since the arcuate slit of the charged particle shaping 
aperture 4 is formed at an almost equidistant position from 
the center of the optical axis, the field curvature can be 
decreased to a negligible degree, while a large exposure 
10 region can be ensured. An arcuate cross-sectional charged 
particle beam 5, having passed through the charged particle 
shaping aperture 4 to have an arcuate cross-section, then 
forms an arcuate cross-sectional parallel beam through the 
collimator lens 6 to uniformly irradiate the mask 7 placed 
15 on the mask stage 8. 

The arcuate cross-sectional charged particle beam 5 
composed of two types of charged particles, i.e., charged 
particles scattered by the pattern portion of the mask 7 and 
charged particles substantially not scattered by the plate 
20 of the mask 7, is reduced with a reduction ratio set by the 
first projection lens 9 constituted by a pair of magnetic 
or electrostatic lenses. An aperture stop 10 is arranged 
between the mask 7 and sample 12, at a position that divides 
the distance between them with the reduction ratio of the 
25 first projection lens 9. The aperture stop 10 blocks the 
arcuate cross-sectional charged particle beam 5 scattered 
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through the mask 7, and only the unscattered arcuate 
cross-sectional charged particle beam 5 passes through the 
aperture stop 10. The arcuate cross-sectional charged 
particle beam 5 passing through the aperture stop 10 is 
converted into a parallel beam by the second projection lens 

11 composed by a pair of magnetic or electrostatic lenses, 
to project and expose the pattern of the mask 7 onto the sample 

12 on the sample stage 13. 
During exposure, the mask stage 8 where the mask 7 is 

placed continuously moves in the direction of arrow A, and 

the sample stage 13 continuously moves in synchronism with 

^ this in a direction of arrow B opposite to that of the mask 

n 

P stage 8, thereby performing exposure. 

;3 When the arcuated slit formed at an almost equidistant 

2 15 position from the center of the optical axis is used as 

3 described above, the field curvature as one main factor of 
^ off-axis aberrations can be decreased to the negligible 

degree. Concerning the image distortion as another main 
factor, in the case of the arcuate cross-sectional charged 

20 particle beam 5, the image distortion need be removed only 
in the radial direction within an image height corresponding 
to the radius of the arc. The image height with image 
distortion may be detected, an error from the ideal image 
height may be calculated, and this error may be corrected. 

25 Measurement and correction of the image distortion 

will be described. 
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Fig. 2 is a block diagram of a control system, 
concerning correction of the image distortion, of the charged 
particle beam projection system shown in Fig. 1. 

An image distortion amount measurement mask 50 formed 
with rectangular holes 51, 52, and 53 (see Fig. 4) for the 
purpose of image distortion amount measurement is placed on 
the mask stage 8. A charged particle beam 2 that has passed 
through any rectangular hole is shaped into a rectangular 
cross-sectional charged particle beam 61. A silicon 
substrate 63 formed with a crisscross mark 62 (see Fig. 5) 
for the purpose of image distortion amount measurement is 
placed on the sample stage 13, and a backscatter electron 
detector 25 is set above the silicon substrate 63. 

The control system concerning correction of the image 
15 distortion is constituted by an excitation strength ratio 
control circuit 21, a laser interferometer 22, a mark 
position detector/calculator 23, and a reflected electron 
signal processing circuit 24. 

Movement of the position of the principal plane caused 
20 by the magnetic lenses will be described. 

Fig. 3 shows the distributions of axial magnetic 
fields formed of the first and second projection lenses 9 

and 11 of Fig. 2. 

The first projection lens 9 is composed of two magnetic 
25 lenses 9a and 9b, and the second projection lens 11 is composed 
of two magnetic lenses 11a and lib. When currents I^^ and 



- 19 - 



I to be supplied from lens drive circuits 20^^ and 20^^ to 

lb 

the magnetic lenses 9a and 9b, respectively, are controlled 
independently of each other, an excitation strength ratio 
Kl of the two magnetic lenses 9a and 9b of the first projection 
5 lens 9 can be changed. Similarly, when currents I^^ and I^^ 
to be supplied from lens drive circuits 20^^ and 20^^ to the 
magnetic lenses 11a and lib, respectively, are controlled 
independently of each other, an excitation strength ratio 
K2 of the two magnetic lenses 11a and lib of the second 
10 projection lens 11 can be changed. 

When the value of the excitation strength ratio Kl is 
S changed, a first axial magnetic field distribution 31 can 

be formed asymmetric about the mechanical center position 
between the magnetic lenses 9a and 9b. As a result, for 
15 example, a first principal plane position 14 can be changed 
to a first principal plane position 14a . Similarly, when the 
value of the excitation strength ratio K2 is changed, a second 
axial magnetic field distribution 32 can be formed asymmetric 
about the mechanical center position between the magnetic 
20 lenses 11a and lib. As a result, for example, a second 
principal plane position 15 can be changed to a second 
principal plane position 15a. 

As described above, in this embodiment, the position 
of the principal plane can be adjusted electrically. This 
25 adjustment of the position of the principal plane can be 
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performed easier than mechanical adjustment of the position 
of the projection lens, while providing high precision. 

Measurement of image distortion will be described. 
Fig. 4 is a view showing the image distortion amount 
measurement mask 50, and Fig. 5 is an enlarged view of the 
crisscross mark 62 for image distortion amount measurement. 

In the charged particle ybeam projection system, the 
image distortion amount measurement mask 50 is mounted on 
the mask stage 8 before expc/sure of the sample 12, and the 
image distortion amount is^ measured by using the mask 50. 
The image distortion amo/nt measurement mask 50 is formed 
with a plurality of rectangular small punched patterns for 
passing the arcuate cybss-sectional charged particle beams 
^therethrough. The p/sitions of the punched patterns are 
measured at high p/ecision in advance and are thus known. 
In Fig. 4, the re/tangular holes 51, 52, and 53 are formed 
as three punched^ patterns, and their coordinate positions 
are known, i . e/, (xl, yl) , (x2, y2) , and (x3, y3) . 

The silicon substrate 63 is mounted on the sample stage 
13. The crisscross mark 62 made of a heavy metal is formed 
on the upper surface of the silicon substrate 63 to detect 
the positions of the rectangular holes 51, 52, and 53. The 
fine rectangular cross-sectional charged particle beam 61 
that has passed through the rectangular hole 51 of the image 
distortion amount measurement mask 50 irradiates the sample 
stage 13 on which the silicon substrate 63 having the 




crisscross mark 62 is placed. Data indicating the 
approximate positions of the crisscross mark 62 on the sample 
stage 13 and the approximate irradiated position of the 
rectangular cross-sectional charged particle beam 61 are 
5 stored in a stage control system (not shown) in advance. The 
crisscross mark 62 on the sample stage 13 moves near the 
irradiated position of the rectangular cross-sectional 
charged particle beam 61 on the basis of these data. When 
the rectangular cross-sectional charged particle beam 61 
10 moves across the crisscross mark 62, a larger number of 
backscatter electrons from the crisscross mark made of a 
heavy metal than the electrons reflected by the silicon 
substrate 63 are detected by the backscatter electron 
detector 25. The reflected electron detector 25 outputs a 
15 detection signal to the backscatter electron signal 

processing circuit 24. The backscatter electron signal 
processing circuit 24 performs signal processing and outputs 
a resultant signal to the mark position detector/calculator 
23. This process is performed for both the x- and y-axis 
20 directions. After that, this operation is performed 

sequentially for the rectangular cross-sectional charged 
particle beams 61 that have passed through the remaining 
rectangular holes 52 and 53. As a result, the x- and 
y-coordinates of all the rectangular cross-sectional charged 
25 particle beams 61 are detected. Subsequently, these 

coordinates are output to the excitation strength ratio 
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control circuit 21. The obtained coordinates of the 
plurality of rectangular cross-sectional charged particle 
beams 61 are subjected to fitting by a statistical means such 
as the method of least squares in the excitation strength 
ratio control circuit 21, so that they are converted into 
an arcuate cross-sectional charged particle beam. On the 
basis of the result of fitting, the central position and 
radius (image information) of the image on the silicon 
substrate 63 obtained when the arcuate cross-sectional 
charged particle beam 5 irradiates the silicon substrate 63 
are calculated. The central position and radius of the 
arcuate image on the silicon substrate 63 obtained in this 
manner are compared with a desired central position and 
radius, thereby detecting the image distortion amount in the 
radial direction. To correct the detected image distortion 
amount, the excitation strength ratios Kl and K2 that define 
'5 the first and second principal plane positions 14 and 15 are 

changed while the optimal operating conditions of the first 
and second projection lenses 9 and 11 are maintained. More 
20 specifically, the excitation strength ratio control circuit 
21 instructs the lens drive circuits 20^^ to 20^^ to output 
the currents I^^ and I,,, and I,^ and I,, that determine the 
excitation strength ratios Kl and K2 to the first and second 
projection lenses 9 and 11, and changes the excitation 
25 strength ratios Kl and K2 until the detected image distortion 
amount is removed. 
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Detection of the irradiated position of the 
rectangular cross-sectional charged particle beam described 
above has high precision since it is performed not while 
deflecting the charged particle beam but by measuring the 
5 position of the sample stage 13 with the laser interferometer 
22 while moving the sample stage 13 . Since correction of the 
image distortion amount need be performed only during 
calibration of the electron beam projection apparatus, the 
correcting process of the image distortion amount does not 
10 decrease the productivity of this apparatus. 

The relationship between the strength ratio of 
excitation that defines the principal plane position on the 
first projection lens 9 and the image distortion coefficient 

exhibits a tendency as shown in Fig. 6. 
15 in the conventional electron beam projection apparatus, 

the excitation strengths Kl and K2 are set to satisfy Kl = 
K2 = 1. If the excitation strength ratio Kl is set at kl (kl 
> 1) and kl is set on the right side of Kl = 1, as shown in 
Fig. 6, 3rd- and 5th-order image distortion coefficients 
20 and can cancel each other. Even when the exposure region 
is increased, the image distortion can be substantially 
corrected. In this case, assume that the absolute value of 
the moving amount of the second principal plane position 15 
is set to a value obtained by multiplying the absolute value 
25 of the moving amount of the first principal plane position 
14 by a magnification Mag, and that the moving direction of 
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the second principal plane position 15 is set in the opposite 
direction to that of the first principal plane position 14. 
Then, even if the excitation conditions of the projection 
lenses are changed, the image position and the magnification 
Mag will not change. Another method is also available as the 
method of setting the excitation strength ratios Kl and K2 . 
According to this method, while the image distortion amount 
of the arcuate cross-sectional charged particle beam is 
measured in accordance with the image distortion amount 
measurement amount described above, the excitation strength 
ratios Kl and K2 are gradually increased from 1 until 
conditions with which the measured image distortion amount 
can be corrected are obtained. In this case, if the number 
of turns of the coils of the first and second projection lenses 
9 and 11 are respectively Nl andN2, the excitation strength 
ratios Kl and K2 are set by the excitation strength ratio 
control circuit 21 to satisfy the following equations: 
K2 = 1/Kl 

Nl- I + Nl- I,, = -(N2- I. + N2- I ) = (constant) 

Kl = (Nl- IiJ/(Nl- 111,) 

K2 = (N2- I2J/(N2- 1^^) 
so that conditions for the reduction ratio of the projection 
system, the position of the field, and image rotation 
maintain the designed values. 

From the foregoing, if the charged particle beam 2 is 
an arcuate cross-sectional beam, the field curvature 
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aberration as one main factor causing the off-axis 
aberrations can be eliminated, and the region of the pattern 
to irradiate can be enlarged. The image distortion can also 
be corrected by setting the excitation strengths Kl and K2 
5 such that the ideal image height and the image height detected 
during correction coincide with each other. Furthermore, 
the excitation strength ratios Kl and K2 are set such that 
the 3rd- and 5th-order image distortion coefficients E3 and 
can cancel each other even when the magnification Mag is 
10 changed to increase the exposure region. Thus, even if the 
exposure region is increased, the image distortion can be 
£ substantially corrected. As a result, the width of a pattern 

which can be exposed onto a sample with one scanning operation 
can be increased without decreasing the image resolution, 
15 leading to an improvement in productivity. 

An embodiment of a device mam^acturing method 
utilizing the charged particle be^ projection apparatus 
described above will be describ)^. Fig. 7 shows the flow 
chart of the manufacture of a/icrodevice (a semiconductor 
chip such as an IC or LSI, /liquid crystal panel, a CCD, 
a thin film magnetic head, /a micromachine, or the like) . In 
step 101 (circuit designO , the device pattern is designed. 
In step 102 {mask fabrication) , a mask formed with the 
designed pattern is /fabricated. In step 103 (wafer 
25 manufacture) , a waier is manufactured by using a material 
such as silicon o/glass. Step 104 {wafer process) is called 





( 
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a pre-process. An actual circuit is formed on the/wafer in 
accordance with lithography by using the prepar/d mask and 
wafer. Next step 105 (assembly) is called a^ost-process . 
The wafer fabricated by step 104 is formed ir^o semiconductor 
chips. Step 105 includes steps such as/n assembly step 
(dicing and bonding) and a packaging step (chip 
encapsulation). In step 106 (inspection), the 
semiconductor device fabricated i/step 105 is inspected by 
operation confirmation test, duy/ability test, and the like. 
The semiconductor device is completed through these steps, 
and is shipped (step 107). /ig. 8 shows the flow chart of 
this wafer process in deta/l. In step 111 (oxidation) , the 
surface of the wafer is /oxidized. In step 112 (CVD) , an 
insulating film is forir(ed on the surface of the wafer. In 
step 113 (electrode formation) , electrodes are formed on the 
wafer by vapor deposition. In step 114 (ion implantation) , 
ions are implanted in the wafer. In step 115 (resist process) , 
a resist is appljid to the wafer. In step 116 (exposure), 
the circuit pattern of the mask is baked on the plurality 
of shot region/ of the wafer, and exposed in accordance with 
the exposure Apparatus or method described above. In step 

117 (development) , the exposed wafer is developed. In step 

118 (etchi/g) , a portion other than the developed resist 
image is /emoved. In step 119 (resist separation), the 

> resist n/ longer necessary after etching is removed. These 
steps a/e repeatedly performed to form multiple circuit 
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patterns on the wafer. When the pr4uction method of this 
embodiment is used, a large-size/device which is 
conventionally difficult to man/f acture can be manufactured 

at a low cost. 

The present inventi,<^ is not limited to the above 
embodiments and various ^hanges and modifications can be made 
within the spirit an/scope of the present invention. 
Therefore, to appri^ the public of the scope of the present 
invention the fo],lowing claims are made. 
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